Abstract. In Rajasthan state particularly, textile mills represent an important economic sector. Pali district in Rajasthan has got largest number of textile industries in the State i.e.989 units, mostly engaged in cotton and synthetic textile printing and dyeing. These industries liberate a variety of chemicals, dyes, acids and alkalis besides other toxic compounds like heavy metals, which are known for their hazardous properties. However, excessive and indiscriminate use of dyestuffs has become increasingly a subject of environmental concern. These dyes can enter the environment through the industrial effluents of dye manufacturing plants and from textile dyeing and printing operations, as wastewater effluents. Assessment of genotoxicity of dyes is therefore of utmost importance. Short-term genetic bioassays have proved to be an important tool in such studies because of their simplicity, sensitivity to genetic damage, speed, low cost of experimentation and small amount of sample required. A total of 7 dyes were tested for their mutagenicity, by Ames assay, using strain TA 100 of Salmonella typhimurium. Only 1 dye, Violet showed absence of mutagenic activity. The remaining 6 dyes were all positively mutagenic.
Introduction
India's dye industry produces every type of dyes and pigments. Production of dyestuff and pigments in India is close to 80,000 tonnes. India is the second largest exporter of dyestuffs and intermediates developing countries, after China. The textile industry accounts for the largest consumption of dyestuffs, at nearly 80%.
The textile industries are to satisfy the ever-growing demands in terms of quality, variety, fastness and other technical requirements. However, a recent study conducted under the National Biodiversity strategy and Action Plan (BSAP) has revealed that chemical colors have all but wiped out India's wonderful vegetable dyes. The Indian textile industries now predominantly use synthetic organic dyes like direct dyes, processing dyes, reactive dyes, etc. The large variety of dyes and chemicals used in an attempt to make more attractive popular shades of fabrics for a competitive market render them very complex [16] . During the last decade, environmental issues associated with dyestuff production and application have grown significantly and are indisputably among the major driving forces affecting the textile dye industry today.
Pali is an important district of Rajasthan, having a population of 18, 19, 201 Considerable amounts of dyes have been noticed in these textile wastewaters, due to their incomplete use and washing operations. The dyes disposed off, can be found in dissolved state or in suspension in the wastewater. These dyestuffs are highly structured polymers and are very difficult to decompose biologically [13] . The most obvious impact of the discharge of dye colored effluent is the persisting nature of the color. It is stable and fast, difficult to degrade, toxic, rendering the water unfit for its intended use. Further, the color removal is also not adequate by the conventional chemical and biological treatment. Such dyestuffs can reach the aquatic environment, primarily dissolved or suspended in water, since the conventional treatment of wastewaters from textile mills and dyestuff factories are unable to remove most of the azo and other dyes effectively. The resulting dye effluents may contain some components or moieties that could be toxic, carcinogenic or mutagenic to aquatic life [18] . Ecological and toxicological problems due to the discharge of textile wastewaters, in natural water bodies, have been one of the most important water pollution problems in the state of Rajasthan and especially in Pali.
Since large quantities of dyes are used, such pollution due to dyes may occur on a significant scale. The International Agency for Research on Cancer (IARC) has classified various dyes like Benzidine as being associated with cancer in humans [6] . Benzidine is known to be carcinogenic to a variety of mammalian species, including humans. In tests on laboratory animals, two benzidine dyes, Direct Blue 6 and Direct Black 38, have been reported to be such potent carcinogens that hepatocellular carcinomas and neoplastic liver nodules occurred in rats after only 13 weeks of exposure [17] . A number of dyes have been tested for mutagenicity using Salmonella assay. Several of them have been found to be carcinogenic [4, 15, 19] .
Because of the wide spread use and potential carcinogenicity of certain dyes, there has been a growing interest in assessing the hazards associated with dyes available in local markets. Most of such dyes, being openly sold in the markets have no information regarding their chemical nature, purity, toxicity or possible mutagenicity. Unlimited and uncontrolled use of such dyes can lead to grave consequences in terms of human health and ecological balance Central Pollution Control Board has listed the dye and dye intermediates industry as one of the heavily polluting industries. Assessment of genotoxicity of dyes is therefore of utmost importance.
Various short-term screening methods have been developed to detect mutagenic/carcinogenic substances. They have played important roles not only in screening suspected chemicals but also in studying the mechanisms of mutagenesis and carcinogenesis, and have provided useful information for assessing the genetic effects of chemicals on humans.
Microorganisms have demonstrated several attributes that make them attractive for use in quick screening of effluents and chemicals for toxicity. Testing of chemicals for mutagenicity in Ames assay is based on the knowledge that a substance that is mutagenic in the bacterium is likely to be a carcinogen in laboratory animals, and thus, by extension, present a risk of cancer to humans. The Ames test has several advantages over the use of mammals for testing compounds. Mutagenicity assays are relatively cost effective, only a few days are required for testing a compound and the test is performed with microgram quantities of the material. Such assays are performed on approximately 100 million organisms rather than on a limited number of animals.
The present study is thus aimed at studying the mutagenic potential of the locally available and used textile dyes. Most of these dyes have not been characterized regarding their chemical nature, purity, possible toxicity or their impact on health and the environment. Assessment of genotoxicity of dyes is therefore of utmost importance. 
Materials and methods

Collection of samples
Dyes (18) were obtained at random basis from local Pali market. They had no information regarding chemical constituents, purity or hazardous nature. Dye solutions were made by dissolving 1 g dry powder of dye in 100 ml of warm, sterile, distilled water. All the dyes used were water-soluble. Five concentrations (2µl, 5µl, 10 µl, 50µl and 100µl) of these dyes were tested.
Ames mutagenicity test
The Salmonella/microsome reversion assay was conducted using the plate incorporation procedure described by Ames et al. [1] and revised by Maron and Ames [8] . The dye samples were tested with TA 100 strain of S. typhimurium, which was obtained from Microbial Type culture collection & Gene Bank (MTCC), Institute of Microbial Technology (IMTech), Chandigarh (INDIA). Samples were tested on duplicate plates in two independent experiments. Five dose levels of individual samples were tested. Positive control used for TA 100 was Sodium azide (CAS Number: 26628-22-8): 5 µg / plate: 2969 revertants. Sterile distilled water was used as negative control. Fresh solutions of the reference mutagen were prepared immediately before the beginning of each experiment. The revertant colonies were clearly visible in a uniform background lawn of auxotrophic bacteria. All tester strains were maintained and stored according to the standard methods [12] . The tester strain genotypes (Histidine requirement, rfa mutation, uvr B and R-factor) were confirmed immediately after receiving the cultures and every time a new set of frozen permanents were prepared or used. All regents used were of analytical grade, supplied by Himedia Laboratories Limited (India) and Sigma-Aldrich.
Data analysis
The most common method of evaluation of data from the Salmonella assay is the "two fold rule" according to which doubling of spontaneous reversion rate at one or two test chemical concentrations constitutes a positive response [12] . This rule specifies that if a test compound doubles or more than doubles, the mean spontaneous mutation frequency obtained on the day of testing, then the compound is considered significantly mutagenic. Using this procedure the following criteria were used to interpret results: Positive A compound is considered a mutagen if it produces a reproducible, dose-related increase in the number of revertant colonies in one or more strains of Salmonella typhimurium. A compound is considered a weak mutagen if it produces a reproducible dose-related increase in the number of revertant colonies in one or more strains but the number of revertants is not double the background number of colonies.
Negative A compound is considered a non-mutagen if no dose-related increase in the number of revertant colonies is observed in at least two independent experiments.
Inconclusive If a compound cannot be identified clearly as a mutagen or a non-mutagen, the results are classified as inconclusive (e.g. if there is one elevated count).
For this analysis the dose related increases in the number of revertant colonies were observed for the test compounds and mutagenicity ratios were calculated. Mutagenicity APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 4 (1) 
Results and Discussion
Pali has been identified as one of the most polluted cities in India [3] . The grave pollution situation that exists in and around Pali due to the textile industries has been extensively studied [5, 7, 9] . Further, increasing trend of requirement and productivity of dyes and dye intermediates is associated with the anticipated generation of wastes, both liquid and solid in future. The wastes thus produced will contain toxic and hazardous substances, which are not acceptable to the recipient environment, if released uncontrolled [9] .
Many of the dyes used by textile industries are known carcinogens [6] and teratogens [2] . Dyes are introduced into the environment through industrial effluents of these industries. There are ample evidences of their harmful effects. Triple primary cancers involving kidney, urinary bladder and liver in a dye worker have been reported [11] . Further, Pal and Brijmohan [14] reported that textile industry poses threat of various types of occupational diseases.
A total of seven dyes were tested in the present study. Three of these were Processing dyes or Cremazoles (Orange 3R, Brown GR and Blue S1) while remaining four were Direct dyes (Violet, Congo red, Royal blue and Bordeaux). Amongst the four direct dyes only one dye i.e. Violet had Mutagenicity ratio less than 2.0 at all concentrations tested (Table 1) . Further no dose related increase in number of revertant colonies was observed.
The dose response curves of all the dyes are shown in Fig. 1 . Both Congo red and Royal blue dyes were positively mutagenic and can be classified as moderately mutagenic (700-1200 induced revertants, per 100 µl of dye) (Fig. 1) . Compared to the previously mentioned dyes Bordeaux showed higher number of revertants and can be classified as highly mutagenic or extremely mutagenic (12,000 induced revertants, per 100µl of dye) (Fig. 1) . These observations are in accordance with several studies that report mutagenicity of a number of dyes like Direct Black 38, Acid Red 26, etc. [4, 19] . Unlimited and uncontrolled use of such dyes can lead to grave consequences in terms of human health and ecological balance.
Further all the three tested Processing dyes or Cremazoles dyes were so toxic that they inhibited the growth of bacteria, at higher dose levels. Again although Orange 3R and Brown GR were moderately mutagenic (1200-1400 induced revertants, per 100 µl of dye) while Blue S1 turned out to be extremely mutagenic (15,000 induced revertants, per 100µl of dye) (Fig. 1) . Strain TA 100 of Salmonella typhimurium, detects base pair substitution mutations. Thus, it can be concluded that all of these six dyes cause genetic damage through base pair substitution mutations.
Most of the dyes, used in textile industry are known only by their trade name, while their chemical nature and biological hazards are not known. The aim of this study was, thus, to assess the possible risk of mutagenic hazard due to these dyes and the effluents containing these dyes, to health of textile dyeing workers and the environment. The dyes were used in their crude form and no further purification was attempted, because we wanted to test the potential danger that they represent in actual use. The results of this study clearly indicate that most of the locally used dyes are highly mutagenic, and therefore should be used with great caution. The dyes were identified with the help of their absorption spectrums and absorbance peaks or maxima (Fig.2) . The presence of impurities in the commercially available dyes has been reported to contribute to the mutagenicity of these dyes [15] . As the dyes under investigation were not purified, the impurities present in them could have also been responsible for the high mutagenic activity of the dyes. Nevertheless, the fact still remains that highly mutagenic compounds are being used in textile dyeing and printing industries of Pali. Since innumerable dyes are available in local markets, chemical analysis of each and every dye is not possible because of the time and cost involved. As the bacterial mutagenicity assays can be carried out in 48 hrs, they have been suggested as rapid prescreens for distinguishing between carcinogenic and non-carcinogenic chemicals, allowing many thousands of compounds in our environment, not previously tested, to be screened for potential hazard. A good co-relation has been obtained by several groups, for a number of carcinogenic aromatic amines in their ability to induce mutation in the above strain and the ability to induce a response in animals. Thus Ames test can easily and quickly assess mutagenic potential of these dyes.
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Besides, the dyes can be compared on the basis of their mutagenic potencies. This bioassay can thus be used as an initial screening test to analyze various dyes and dye containing effluents, which are causing major damage to the aquatic environment. 
